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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an inexpensive nonaqueous electrolyte secondary 
battery having a good cycle characteristic, in particular, a good cycle characteristic during use 
at high temperatures. 

SOLUTION: In relation to this nonaqueous electrolyte secondary battery utilizing storage and 
release of lithium, the battery is so structured that a positive electrode that contains, as a 
positive electrode active material, a lithium- manganese composite oxide having a spinel 
structure expressed by a composition formula Li1+xMn2-x04 (x>0) and is formed by binding the 
lithium-manganese composite oxide with a positive electrode binder, and a negative electrode 
that contains, as a negative electrode active material, a carbon material capable of storing and 
releasing lithium, and is formed by binding the carbon material with a negative electrode binder 
are provided, and the capacity ratio of the positive electrode to the negative electrode 
(saturated capacity of the negative electrode/saturated capacity of the positive electrode) is 
set equal to or more than 0.8 and less than 1.0. 
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[ffi^^Sl] l&ritSL ii + xMn2-x04 (x>0) X 

* £ * t - * ✓muss coy^^^^v^ isigL&mtm * 

ISf -ftttt & o T , 

2] hme y ^ * * > # ^m&mitm *m-t 

^^^(^mflSxcoiefi, 0. 1K±0. 15^TT^5 
[8***3] MSftlfittMlj:, **ttW5HF-4:^j« 

[0 0 0 1 ] 

[0 0 0 2] 

S, *«B85*ttl»^lfCtt, y 

[0003] sa, y ft««iojE«ffi»K^ 

?!Ji«gS*SOL i C o O2«l$h6^otv^ 
ffn5-i:d*ib, L i C o02SriEffiffi*irJ-ffiffli-5 

[0 0 0 4] =^bo»Rt^>4v^ 

ft. L i C o Oz ^ES^f Cftffi Ltr^l^t' 
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[0 0 0 5] y^^A^v^^is-g-tt^ft-eit^u 

T^££)te, jKj«S;L iMn2 04t^^ll6^t^;l/a 
JEmmVomtlsT, 4V»<oy^!?A-fttil!l«:Mt 

[0 0 0 6] *fc%*,MSigL i Mn2 04 SrIEffi?g1*Iti: 

£ Lt, 7-282798 ^^ic^-TJ: 5 

CI, L i Mn2 04(0^ fc p ^/UjSgft(75"^>'^f^JS-7-i?->r h 

5 0 ir^<5^> ^<o&m^m^^xh. mmmzm^-r^ 

[0 0 0 7] 

Stffcto&jEffiffittK £ Lfc y ^ £ A " ^mM<D^-^ Z 

[0 0 0 8] #3giJJ#(i, «»<08tS:*5gS9lttlc 

b^tzh&Xlb 9 % L i Mn204^)^ f^^jKS^-^V^ 

[0 0 0 9] 

Iftft, «^Lii + xMnz- x 04 (x>0) ^SSjx 

xmmz^txmi&istzjEmt, y^^^^p^^-sfcm^i 
m-mmzitxmf&istzMmb ^m^x^^^Tkmnm 
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[ooio] -ikmftKD^mn, — Ktot-, lEmma® 

s«5ft*5 y tf^&mtm^ 
^^-AcDtij^^^^ < (y ^v^mmm&mo , 

S*£>#JJWS*tt::fc# < y^r>^^v^r> 
[0 0 1 1 ] **MO*tK«»*K— ftSt^fP 

So 

[0 0 12] 3? ±5SLfeJ: 51-* IEffifS»Sf U 
f:M^LiiuMnz-x04 (x>0) Xm$foZ>*t° 

w o y ^ * a ^^f>m^<om&mm<o^a. t *s« 

[0 0 13] rrr% jEffiteftt&Stf*. il^^^m 

\z&\,^x^mmz*(omm*w&m • ttttj-e* ^yf^ 

Writi" 5 EH b m C t> O SrSf ^ttS^SL, 

2 0t^HT, ±PI1E4. 3 V~TK«JEE3. 5V 
<DmX\ IMlSO. 2mA/cm 2 ^lSt^K 

[0 0 14] «ffi<SfP^*i:tt, jE«ffifoS*i: 
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km^hcD&mfe&m^^xmm&itmv, ztM^&mv 

0 . 2 m A/ c m 2 0^mStT*?t£fcm £i2r& r t J: o 

[0 0 15] **K<7>**«»?K— »B*"C«, iEfiffi 
*/jEffifiafP^») £0. 8£A±l. 0*Sit*SJ:5 

aiufc j: 5 1-. y^*Afijffi**s»ii-^TS?few-y->r ^ 

^^y^^^^tffmi-5^&!)i%^^n5 0 

jiss®— k^-* h<DVrm&Kmb£txz> 
& % *ft&nffim-&mm\z&\,^xm&iKmb£tiz>jE 

m-tzmmmb i^xn^tc^nm^-^ ^^p^skw^^ 

[0 0 16] *«W^#7K«»Pffi— »S*-e(i, lEffiJS 
Mi-MxCL ii + xMn2-»04 (x>0) tr^£;ft£ 

. 30 ^if*^*jSoy^^^^^^^«^»{t:i»Srffiv^s 
t-f ^ /i-ttt ^ IMf <h 7 J; tJSlEfc 
bvb-tzfrto, ^^X^m*-^* h<D])7-$J*%L*lz 

"±0. l5KTi:t5rtt)f#S 0 J: D i^-T ^ 

y # *mmmm b <o^^ ^y&m^^ z b &x~% , 

^0 i: 1 0 0 w t % b VtzW>&<D l w t %$k± 8 w 

t%aTtt5wtm«> B &<omMJtmxmis<m, 

[0 0 1 7] 

v^$j±^i/tf>m&mim*sEmmyomb l^ieh 

50 ir^stbS-fe^u-^, ^Tkm^^^m^^— 
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SrJl'&L^, ^ft^fcS^fiK**-?, 8 0 0 — 9 0 
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[0 0 2 4] Ai^ft^^^iftfi-^f^it^^ 
tfe^-^SSSIi: UN-^f;v-2-t°n y 

[0 0 2 5] <£J3i-& - <t <0"C# S^jSttifc^icitt, 
2^y ji^u^^ar-^^ ^yt^/i/7/^-;K tf?y 

y/ur^ h\ TKy tr^^fn y k^^cd^s^ 

[0 0 2 6] -fe^n-*;n~-7vu^;»flgi LTIt, ir^ 
50 S§^^ftoliW§r|i^lfJ:l\ ir/un- 
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[0 0 3 2] y^»^i6Sr}S»S^i:5Wttl*a(ctt s * 

h>\ tfV-^v* h^^d 5 * S^^ — TV^M^ 

£ LTIir h7t Ko77^ 2-^^vi^ h7t Kn 

[0 0 3 3] _LE«»«i:fc5 yf!>ASt3J:t;t«8 
30 HF«WagHI»0±^B6jl:i--<<, ^KJ&zk 

to. lMKii:.t5^»4L<, 

x&s^ifcio^Tte, 0. 2 — 1. 5Mtt6^$f) 

[0 0 3 4] «±Wt^*««il*i:*r5**«»ffiX 
[0 0 3 5] 

WxMn2-x04 (x>0) T^^W^ ^/^fl|j&y ^ 

8K±1. 0*j»t*Sct 5*c:«J*Lfel 8 6 5 
50 f5^X^@iHi^, HJfifiaJt LTf^iiLfco 
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[0 0 3 6] jE«ffi^*Jtj5S±E«SH^i:<C5- 
Tft^L i Mn204«rjEffi?S«)Hi:i-S— »«*S:JtiS! 

»aaf^«Lfc 0 tut, ^Kb^ns6fl»j, jt^^j^- 

^Tkmftf m — fttt*^fi» <c*-< * Sr^-f 

[0037] <3iS6«y i > - ffiric 

ii.i3Mni.8704, L ii.05Mni.95O4ioJ:U ? L 

i 1. 16Mll1.84 04-e*$H5^f^^#|3fiy 

0. 8^_bl. 0*«t4S J: 5 i:*J* Lfcl 8 6 5 0 

|? [U l (c^-f- 0 - SEffi 1 0 £ fttii 20^ fc-fe'* 

l'— * 3 0 Sr^LTjglHlU n«p-^tfi»:4 0 
£7?^feLT^5 0 lif$:4 0(iflte5 0(:fft$^ 

[0 0 3 8 ] lEffil OOfg^ff LTffl^fcL i i. nM 
ni.8704, L ii.05Mni.95 04joJ:0 ; L i i.ieMn 

S^fb-^^^f >- ^^e/t-th (Mn 02/L i 2CO3) t?jr 
fem^tte&X 0 ^^L/c^, K*ft«fE (2L/mi 
n) *K 8 5 OtTl 2^1Mt6;d:(aoTi 

[0 0 3 9] 1Em 1 0 (DftSlX'tt:* *"f , JbfE^H^ 

«g3tf»Ji: LTsKy 7y^tr= y^>- (pvdf) <d 

©^£:N-y ^/u- 2 - fo y (NM P) icjSJftU 
7t*g«£ 2 0 6 fi*fflJ (5 VDFJtl 6fiSS&) 

SX«S:fflt^T, J¥S 2 0 /zmi7)r^^ = ^AfS*Kff: 
Of^Mtc^, ^i/^U, h^coiEffi 1 

mm, f$ 5 0 0mmtU jEffi^ttHOff S (i, ^ffl 

6^iCtroT^^^^fP^*«!j^:i-S-^#, 9 8 M 1 

[0040] o(i, mmwt LTMfeMt:^ 

— X/Jx^fls: (MCMB-6-28 : 

^MCMBC PVDF ^^LNMPC^t^T^- 
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DF^fi^Md, (fS»R (MCMB) ttt* 

^•J (PVDF) iOii^W) ^100wt%afc 
5wt%, 6wt%£L7t 0 
[0 0 4 1 ] lEflil OOffifdS**5<tt/A«2 0(£>ffi?D 

^£fc£*ffi*f1MKLfc 0 w^^/uSffitc&JRy 

20 ffiftT, E«^»^(i±Pfi«lE4. 3V~TPSm/£3. 
5V£D^T% ^ffi£Dm^(l±PSm^ 1 . 5V-TPim/± 
0VOf^T\ 1MS0. 2mA/cm 2 (D^iStS 

&m s -fr 6 ^ t k £ o riEfii*5 i i*ftffi<ai?- v^/u&fe 

[0 0 4 2] -fe^u— * 3 0t^, *K y ^ WVtf>»#7L 
«JR*flH\, ±EiEffii 0 «b*ffi2 0 i:4r^ix^ttia 

30 £-^T*£Eh]U o^ttrolli#4 0afc. m^{£ 4 
0(DT®(c^^{$7 0 ^S*^^, ^ryi-^goli 

ft 5 o Kiss* u nmmrnm v - k 2 1 ^m*ft 50c 

0^^*L, *7K»»*KSr«*ft5 O^rtJfBtcaAL-C 
mffif$4 0 i2rfc„ **5, *7k«*P*S(i, 

>-^-^^— h tv?3i^/U* — h irfrffatbi : 
1 {zr&^Lfzl&^f&m^, L i PFe^lM^Mt'g 

tACciEfiifiB^ 6 1 as#i9!§*LT^5*6 OS:, m^Hift 
^0 SOtcffiii-, **ft5 0O±*fBBBP*|55r*v'^ 

[0 0 4 3] *j3, lEffifE^Si-L ii.uMni.87 04 
Srffl^fcfc^Sr^SPJ l - 1 ©Zfttfti: U ^TP« 
tc, L it.osMm.95O4 Srffiv^fc t^SrHjSfiW 1-2 
WXJJcttJfe, L i i. ieMni.84 04 lrffl^7tt)W$ril 
SJl-3<orftlil!ii:Ufc 0 ^dcS-frfc±!EHJfi«i- 

50 *n5»»t-*3(t5^B8±(7>±Pfii:ffll^Stb-5 6 Ot^ 



-6- 



(7) 



2000-228224 



11 

T\ 1 m A/ c m 2 O^Ht^lMlil 4 . 2V£ 
"C5tea*fxV\ 1 0 5MW<Z)flc_iL1ig % 1 mA/ c m 2 (Dl£ 
««t-Ci*«J*ih«/E 3 . .OV^TM^frotioM 

[0044] ^jftmiM ^/^K»tcj;or*«)fc, # ~ * 



72 



xi 0 0%) ^TlS^ltC^i- 0 
[0 0 4 5] 

[*i ] 

Atttt**! : PVDF 







(wt%) 




(mAh/g) 


(%) 


mmm i - 1 


L i i. iaMn.1. 87O1 


5 


0.9 7 


84. 7 


7 6.8 


6 


0.8 6 


8 0.3 


7 9.5 


Hifc^J 1 - 2 


L i 1 . osM n 1 . 6 5 0 4 


5 


0.9 4 


9 2.8 


6 1.5 


6 


0.8 3 


8 8.9 


6 2.5 


^jteeii -3 


L i 1. i(Mni. B4O4 


5 


0.9 3 


5 7.2 


8 3.9 


6 


0.8 6 


5 6.8 


8 5.3 



[0 0 4 6] <Jfc«0S| 1 > *tb««<75 - jE« 

J&k Lfc. jEffiffi^H^L ii.nMni. 8 7 OdSrfliVME 
ASS*hb^ 1 . 0K±^&5— 3Jc«**ltKfflll - 1 
JSktt*. L i 1. i3Mni. B7 04 £fflv\Eft«2S*tfc 
#0. 8 tbftflfll -2<0-&«* 

SbCL i1.05Mn1.95 04£rfl§l\Eftffi3&*Jfc ^30 



^1. 0W±tftS— »K**itiR0ili -3^>-»:tt 

L i 1. i6Mni.84 04 &ffl^IEAffiS*Jfc;&S 1 . 0 

fee 

[0047] l-c, *ss«yi^»^tra« 

[0 0 4 8] 
[*2] 

fi&Nl«ffi : PVDF 







(wtX) 




(mAh/g) 


(%) 


i - 1 


L i 1. 13M111, B7O4 


5 


1.18 


9 0.5 


6 9.1 


6 


1.2 3 


90. 0 


6 8.0 


JtiWU-2 


L i 1. iaMni. «tO 4 


5 


0.6 4 


7 7.4 


7. 7 


6 


0.7 3 


7 9.6 


2 8.9 


mm 1 - 3 


Li1.otMn1.nO4 


5 


1.30 


9 9.6 


5 3.0 


6 


1.29 


9 8.4 


5 4.7 


ttmm 1 - 4 


Liu iflM n 1. s * O 4 


5 


1.33 


6 0.7 


8 0.3 


6 


1.4 2 


6 0. 1 


8 1.2 



[0049] (ttmm2) *ttmm<D-?kmmz, ^> 
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(8) 1 WW 2000-228224 

* [0 0 5 0] #ZftlWLt, Hffim £Ir!« 

[0 0 5 1 ] 
I* 3] 

Mffi&SSSif : PVDF 







(wt%) 




(mAh/g) 


(%) 


ifctt«2-l 


L iMn 2 04 


5 


0.9 5 


9 4.8 


5 3.8 


6 


0.8 7 


9 0.9 


5 4.2 


J£8t0*J 2-2 




5 


1.3 1 


1 0 3 


5 0.3 


6 


1.39 


1 0 2 


5 1.2 



[0052] m&m 2 > *mffimi±. <i«*£##j t u 

yfV (PVDF) TkiSteiK^ 

hvtyj^m. (cmc n a ) ^^^7j/7^^a 

T^iy^^ (SBR) £IBWc 0 CMCN a jo J; TJ* S BR 

<ofim&w*(Dm&m*^£^x, 

SnE«IS-C;fc£>0. 8£il±l. 0*t^£6J:5l:*« 

(M CM B ) Srffil\ *i\ :cOMCMB^, CMCN 
a<t SBR (JSRS) fc^S^TkSifc^^SS-S: 
T\ h:R^Affi^»&»fc„ CMC 

NatiJ;t)!SBRrol»» (SSJTfc 5 
Oi^^fiiO. 3wt%~~ 5wt%, 0. 5wt% 



-4wt%^ii (MCMB. CMC N a x SBR(OS 
&&<D&Vr& 1 0 0 w t%t : l^TPt) t3E 

[0 0 5 3] &1^T\ ^th^frV&M&tfZ, ili^ 

fdo V— MfeO^^CD^:# Sli, fig 5 6 mm N 1^52 

^«^tCfrori6^^fP^fta!l^tcS-5# v 5 3 
/i m— 70/i mCriOKl^ L/c 0 **5, lEffite, fS 
ftf i LTL i i. i3Mni.B704S:ffl^t, IIISM 1 <£> 

50 *«S*tfcdH^i a! Jxt3gIE*Sia"C*5 0. 8£Uil. 0 
*SSK&?>, iEffi, ftffiS:l»<ffio*jat(i^i6HJill (75- 

[0 0 5 4] HjSSWl ©»-&irl^« 

[0 0 5 5] 
[*4] 
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15 16 

jEfi&tS$3!9 : Li1.uM1i1.8TO4 





(Wt%) 




(mAh/g) 


(%) 


CM CN a 


S BR 


umm2 


0. 3 


0. 5 


0.9 7 


87. 3 


7 9.8 


0. 3 


1- 5 


0.8 5 


8 2.3 


9 1.3 


0. 5 


0. 5 


0.9 5 


88. 3 


8 5.6 


0. 5 


1. 5 


0.8 2 


7 9.4 


9 3.2 


1 


1 


0.91 


8 2.3 


9 0.8 


1 


2 


0.9 5 


8 6.8 


8 8.5 


1 


4 


0.8 7 


7 9.8 


9 2.0 


2 


4 


0.9 0 


8 2.1 


9 0.3 


4 


4 


0.8 8 


7 8.5 


9 2.8 


5 


4 


0.85 


7 3.8 


9 1.6 



[0056] (ttmm 3 > - &mm*. mm 

£7)CMCN a 33 «tt/S B R <D ftS-g^tf COl^it^^M * 



[0 0 5 7 J ^-^mM^fLT, H*SfflllO#^i:H« 

[0 0 5 8] 
[*5] 

lEffitSfeH : L i 1. nMni. 87O4 





(wtX) 




(mAh/g) 


9mmmm 

(%) 




CMCNa 


SBR 










0. 3 


1. 5 


1.29 


9 2.1 


75.0 




0. 5 


0. 5 


1. 44 


9 3.7 


7 6.2 




0. 5 


1 . 5 


1.29 


9 0.5 


7 5.3 


it««3 


1 


1 


1.3 2 


9 1.5 


7 8.6 


1 


2 


1.45 


9 2.4 


8 2.4 




1 


4 


1.24 


9 1.1 


8 0.3 




2 


4 


1.23 


9 0.9 


84. 3 




4 


4 


1.12 


9 0.0 


84. 0 



-9- 



(10) 



2000-228224 



17 

CO CMC N a&iU^S BR^Ai^t(DE^i^^I 
£-£T, 3««<7>-&«jte&f£igLfc 0 

[0060] #z»ti»tt, mmmi(Dm^tmm 



75 



[0 0 6 1 ] 
[*6] 

lEffirSfelH : L i i. i 3 Mn i. nO* 





MSB**!*!* 

(wt%) 




(mAh/g) 


(%) 


CMCNa 


SBR 


Jt««4 


0. 3 


1. 5 


0.7 3 


7 8.7 


3 6.1 


0. 5 


1. 5 


0.6 3 


7 6.5 


17.7 


1 


2 


0.7 0 


7 5.3 


3 3.8 



[0062] mmm, j*e#j<a - ^m^i^ ^ 

£ c I^DiEffiJSftKL i i. isMni. 87 04 SrfflV^Hft 
1. O*»St*Sl!*0«l - 1 jEAffiS 

*jt^i. oj^_hco]ti5^ji - 1 (o-^mm^ii/o. 
8%m<D&MtMi - 2(D-?kmmk&tt:m-tz>k, mm 

m l - l <o 1 - l , 1-2 (7) 

1-2 k VcMM 1 - 3 , laSW l - 3 k ttVtW 1-4 k 

[ 0 0 6 3] £/c, ftffiJ£»»J*«<gv^ ^y^ftx 50 

S5^i-Jtt5sW3*5<ttr]Eftffi^*lt^O. 8*ffico 

r^^^j5 0 ~<T)zkti>b, jEfimmmtttf o . 8&± 

[0 0 6 4] ESiSftf-c&s^ f*/M«@y ^ 40 

^.S»«(-o^Tl¥ffii-5 e ^1 ^^3 ^^^J±,-<6 0 

^CL iii3Mni.8704 N L i i. osMni. 95O4 L i i . 1 6 
Mm. 8 4 04"Ca*ixS y f 

fflv^cHSSfisji - l . 1-2, l -3^v^Tn^— »H 
^^W^^-f h^I^Lt^^^L i Mn2 



h o-^5^ y ^ o AjR^ttftLfc y 7- * Ais^afbft 

[0 0 6 5] H±©2to5>, *Ifi£xtL i l + xMn2-x O 
4 (x>0) -CSSttS^^^fllig^y^^A-^^^ 

^^mm^^mmmwk u jEftssajt&o. s 

^^iEffif£ftjC*-ffi^fcllMS«l - 1 , 1-2, 1 - 

Hflj6 e bfc^or, t ;^\$ikm.mmmL<D;<7 
>-*<Dktitzmmttte-&mmki-%tzisb\zte^ mt^m 
^&mjEtemk-tz>zktfm* tv^«t«gti-5o 

[0066] s^tc, ASJissffiioas^^aiosftai 

lt-<£ 0 raCIEffiffiftllL i i. i3Mni. 87 04 *^!/^, 

&m&kmmm2<D-dzmMk*\ti&^% 

SJMCMCNa t S B R i: <7?«^/<>f V^tffl^fc^SS 
ffi|2©-ft«fflld5, P VDF£/B^7c?lK#!|l - 1(E>- 
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[0 0 6 7] 

Sr y ^ * AfftiiL/^ tMwutnit y ^ 



20 



1 0 
4 0 
7 0 



lEffi 2 0 : 3 0 : 1r^u- 

Wffiffr 5 0 : ««Lte 60:1 



[01] 




7 n >- i/CDgE^ 

(72)»9I# ft* #M (72)«9!# jgijj 

(72)*lW# W$L F^-i,(#%) 5H003 AA04 BB02 BB05 BB12 BC06 

S»»S*iSBfi^Wr^SjRi¥:«S41S BD03 BD04 

£ffi**W3EBlTrt 5H014 AA02 EE01 EE08 EE10 HH01 

5H029 AJ05 AK03 AL06 AM01 AM02 
AM03 AM04 AMOS AM07 BJ02 
BJ14 DJ08 DJ17 EJ11 EJ12 
HJ01 HJ02 HJ07 
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